ABSTRACT. Lambing performance of sheep is the most important economic trait and is regarded as a critic factoring affecting the productivity in sheep industry. Ovary plays the most roles in lambing trait. To establish the optimum two-dimensional electrophoresis system (2-DE) of ovine ovarian tissue, the common protein extraction methods of animal tissue (trichloroacetic acid/acetone precipitation and direct schizolysis methods) were used to extract ovine ovarian protein, and 17-cm nonlinear immobilized PH 3-10 gradient strips were used for 2-DE. The sample handling, loading quantity of the protein sample, and isoelectric focusing (IEF) steps were manipulated and optimized in this study. The results indicate that the direct schizolysis III method, a 200-µg loading quantity of the protein sample, and IEF steps II (20°C active hydration, 14 h→500 V, 1 h→1000 V 1 h→1000-9000 V, 6 h→80,000 VH→500 V 24 h) are optimal for 2-DE analysis of ovine ovarian tissue. Therefore, ovine ovarian tissue proteomics 2-DE was preliminarily established by the optimized conditions in this study; meanwhile, the conditions identified herein could provide a reference for ovarian 6529 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (3): 6528-6538 (2014) Optimum ovine ovarian two-dimensional electrophoresis system sample preparation and 2-DE using tissues from other animals.
INTRODUCTION
The lambing performance of sheep is an important economic trait and regarded as a critical factor affecting productivity in the sheep industry; moreover, the twinning trait is regarded as ideal with regard to lambing performance and is favored in the sheep industry (Fogarty and Mulholland, 2012) . There are many multi-breed sheep in China and abroad, and the primary gene of multi-breed sheep lambs (i.e., Fec), which improves the fecundity of sheep, has been described (Davis et al., 1982) . However, the lambs of multiple sheep are generally weaker, have smaller birth weights, and higher mortality rates, which can affect sheep management and increase feed costs (Li and Xue, 2004) . Therefore, multi-breed sheep are not suitable for intensive production or the standardized management of sheep farming.
Long-term studies and observations of twin animals indicate that the twinning trait is mainly controlled by genetic factors. Thus, identifying the major genes of the sheep twinning trait and molecular markers for breeding programs are key to improving the economic benefits of sheep farming. At present, there are almost no reports investigating the mechanisms underlying the molecular genetics and regulation of the sheep twinning trait in China and abroad (Yang et al., 2010; He and Liu, 2010) , particularly with regard to proteomics.
The first step in proteomic research is the two-dimensional electrophoresis system (2-DE), which is regarded as key for the success of a study (Görg, 2009) . Currently, only 1000-3000 protein spots (spot) can be distinguished by 2-DE, but there are many known proteins that can be obtained from samples. Therefore, sample separation is necessary.
There are differences in the protein compositions among different species and tissues. Therefore, different sample handling methods are required for different tissues from the same species or the same tissues from different species. The 2-DE of human ovarian tissues has been previously published. However, there are no reports detailing the extraction method for ovine ovaries. The structure of ovine ovarian tissue is complex; it is comprised of lipids and other interfering substances. In this study, the different sample handling methods, loading quantities of protein samples, and isoelectric focusing (IEF) steps were selected and optimized, and the purpose was to preliminarily establish the optimum 2-DE settings for analyzing ovine ovarian tissues.
MATERIAL AND METHODS

Samples and data collection
Animal care and use in this study were consistent with the animal care and use requirements of Gansu Agricultural University. Ovarian tissue samples were obtained from healthy and multiparous ewes (2-3 years old) of Mongolian Sheep (N = 4), Poll Dorset sheep (N = 4), and Small Tail Han sheep (N = 4); they were procured from live animals and from bloodletting of the jugular vein after slaughter from the Huajia Sheep Breeding Farm (Dingxi, Gansu, China). After washing with ultrapure water, all ovarian tissue samples were placed in 5.0 mL cryogenic vials (Shanghai Zurui Biological Technology Co., Ltd.) and stored in liquid nitrogen.
Chemicals and reagents
All chemicals were purchased from Sigma, unless otherwise stated.
Protein extraction
Trichloroacetic acid (TCA)/acetone precipitation
Ovarian tissue was placed in the mortar and ground in liquid nitrogen into a powder. Then, 0.1 g ovarian tissue sample was added to 1.5 mL 10% TCA/acetone (0.07% β-mercaptoethanol) and homogenized with an amplitude of 22% via ultrasonic amplitude in ice (pulsed ultrasound was programmed to turn on for 0.1 s and then off for 1 s, for 60 s). After storing overnight at 4°C, samples were centrifuged at 4°C and 35,000 rpm for 30 min, and the supernatant was removed. Sediment was added to 1.5 mL acetone (0.07% β-mercaptoethanol) and repetitively scrubbed using a pipette. Samples were placed in 4°C for 20 min; centrifuged at 4°C and 35,000 rpm for 20 min; and the supernatant was removed; this step was repeated twice. Sediment was added to 1.5 mL 90% acetone (0.07% β-mercaptoethanol) and repetitively scrubbed using a pipette. Samples were placed in 4°C for 20 min; centrifuged at 4°C and 35,000 rpm for 20 min; and the supernatant was removed; this step was repeated twice. Sediment was added to a lysis buffer (i.e., 0.1 g ovarian tissue samples were added to 1 mL lysis buffer) and then dried via protein frozen drier. The lysis buffer was comprised of 7 M urea, 2 M thiourea, 4% CHAPS, 0.5% Bio-Lyte pH 3-10 (Bio-Rad), and 1 mM protease inhibitor cocktail. After vibrated at room temperature for 2 h, the sample was centrifuged at 4°C, 35,000 rpm for 30 min. The total protein content was measured using the Bradford method (IMPLEN, NanoPhotometer TM , Germany), and the lysates were stored at -80°C for future use.
Direct schizolysis I, II, and III
The ovarian tissue was placed in a mortar and ground in liquid nitrogen into a powder. Then, 0.1 g ovarian tissue sample was added to 1 mL lysis buffer. Samples were lysed at room temperature for 30 min followed by homogenization with 22% via ultrasonic amplitude in ice water (pulsed ultrasound was programmed to turn on for 0.1 s and then off for 1 s, for a total of 60 s). Samples were placed in 4°C for 4 h and then centrifuged at 35,000 rpm at 4°C for 1 h; the supernatant was retained. The protein solution was exchanged into 50 mM triethylammonium bicarbonate, pH 9, using a PD10 column according to manufacturer instructions (GE Healthcare). Total protein content was measured using the Bradford method (IMPLEN, NanoPhotometer TM ), and the lysates were stored at -80°C for future use. The direct schizolysis I lysis buffer formula was: 7 M urea, 2 M thiourea, 4% CHAPS, 0.5% Bio-Lyte pH 3-10 (BioRad), 40 mM DTT, and 1 mM protease inhibitor cocktail. The direct schizolysis II lysis buffer formula was: 7 M urea, 2 M thiourea, 2% CHAPS, 0.5% Bio-Lyte pH 3-10 (Bio-Rad), 2% Triton X-100, 40 mM DTT, and 1 mM protease inhibitor cocktail. The direct schizolysis III lysis buffer formula was as follows: 7 M urea, 2 M thiourea, 4% CHAPS, 0.5% Bio-Lyte pH 3-10 (Bio-Rad), 80 mM DTT, 1 mM protease inhibitor cocktail, and 40 mM Tris.
Protein quantification
The Bradford Protein Assay Kit (Shanghai Zurui Biological Technology Co., Ltd.) was used to detect protein quantification. A total of 5 mg/mL bovine serum albumin (BSA) was completely dissolved into ultrapure water (0.5 mg/mL final BSA concentration). BSA standard liquid was added to 1.5 mL Eppendorf tubes (i.e., 0, 1, 2, 4, 8, and 10 µL); ultrapure water was then added to each tube to a final volume of 20 µL. Then, 10 µL samples were added into additional Eppendorf tubes and ultrapure water was added to a volume of 20 µL. A total of 200 µL G-250 staining solution was added into each Eppendorf tube. Samples were placed at room temperature for 3-5 min. A 595 nm OD value was determined by ultramicro spectrophotometer (IMPLEN) and a standard curve was visualized. Protein contents of the samples were calculated by using the standard curve.
2-DE
PROTEAN
® IEF Cell PROTEAN (Bio-Rad) was selected for 2-DE. We utilized 17-cm nonlinear immobilized pH 3-10 gradient strips for IEF. The samples and loading buffer (7 M urea, 2 M thiourea, 4% CHAPS, 0.5% Bio-Lyte pH 3-10, 40 mM DTT, and 0.002% bromophenol blue) are total 450 μL. In this study, 3 loading quantities (i.e., 150, 200, and 250 μg) of the protein sample were compared and IEF steps were IEF II of Table 1 . Three kinds of IEF steps were compared, and the loading quantity of the protein sample was 200 μg (Table  1) . A 12% SDS-PAGE was used for secondary separation. The SDS-PAGE steps were as follows: 50 V for 1 h and 150 V for 9 h. Then, gels were dyed by Coomassie brilliant blue G-250, and ultrapure water was used for discoloration. Finally, the gels were imaged by the UMAX scanner (scanning parameters: 256 gray and 600 dpi resolution) and analyzed by PDQuest 8.0 (detection parameters: smooth 3, min area 10, and saliency 250). 
Statistical analysis
For the purpose of this analysis, we were interested in comparing protein extraction contents and extraction effects between the different conditions. Protein extraction contents and the number of total protein spots were analyzed by the SAS 9.0 software according to ANOVA; the extraction effects were analyzed via PDQuest 8.0 software.
RESULTS
Protein quantification of different sample handling methods
Bradford Protein Assay Kit (MBCHEMTM) was used to detect protein quantification. The standard curve is shown in Figure 1 [y = 0.3545x -0.0201; R2 = 0.9886; RSD was 1.28% (N = 5)]. The sample protein contents are shown in Table 2 . These results show that the protein contents of the different sample handling methods significantly differed. The protein contents of the direct schizolysis I, II, and III methods were significantly greater than those of the TCA/ acetone precipitation method (P < 0.01); however, there were no significant differences among the direct schizolysis I, II, and III methods (P > 0.01). 
2-DE of the different sample handling methods
We utilized 17 cm nonlinear immobilized pH 3-10 gradient strips for IEF; the loading quantity of the protein sample was 200 µg. The IEF steps were: 20°C active hydration,14 h→500 V, 1 h→1000 V, 1 h→1000-9000 V, 6 h→80,000 VH, 500 V, 24 h; the SDS-PAGE concentration was 12% and the SDS-PAGE step was 1 h at 50 V and 9 h at 150 V.
The extraction effects are shown in Figure 2 . The protein spots were mainly concen- trated within the molecular mass range of 15-90 kDa, with an isoelectric point of 4-9. In the oval area, the protein spots and 2-DE resolution of the direct schizolysis III method were better than those of the direct schizolysis I and II, and TCA/acetone precipitation methods, and there were almost no spots observed via TCA/acetone precipitation. The high amount of proteins via TCA/acetone precipitation and direct schizolysis I and II were greater than those of direct schizolysis III, and the smearing phenomena were notable for TCA/acetone precipitation. The characteristics for 2-DE of direct schizolysis III included high resolution and an absence of the smearing phenomena in the rectangular area. The total protein spots of the different sample handling methods were analyzed by SAS 9.0 (Table 3; F = 6.58, P < 0.0001, N = 12). The number of protein spots obtained using the different sample handling methods exhibited significant differences; that of the TCA/acetone precipitation method was significantly lower than that of the direct schizolysis I, II, and III methods; that of the direct schizolysis II method was significantly lower than that of the direct schizolysis I and III methods. Moreover, there were no significant differences between the direct schizolysis I and III methods, but the total number of protein spots via direct schizolysis I was greater than that via direct schizolysis III. 
2-DE of the different loading quantities of the protein sample
In this study, 3 different loading quantities of the protein sample (i.e., 150, 200, and 250 µg) were used for 2-DE; the sample volume was 450 µL. When the loading quantity of the protein sample was 150 µg, the number of protein spots was minimal, the colors were very light, and many low-abundance proteins could not be detected via PDQuest 8.0. When the loading quantity of the protein sample was 250 µg, the color of the protein spots was very deep, the samples could not be separated by 2-DE, and the high-abundance proteins disguised the low-abundance proteins. The resolution of the 200-µg loading quantity of the protein sample was better than that of the other loading quantities (Figure 3 ).
2-DE of the different IEF steps
In this study, 3 kinds of IEF steps were used for 2-DE. When the focus was 60,000 VH, the number of protein spots was minimal, the colors were very light, and many low-abundance proteins could not be detected via PDQuest 8.0. When the focus was 100,000 VH, the color of the protein spots was very deep and smearing phenomena were notable. At a focus of 80,000 VH, high resolution and the absence of smearing phenomena were observed (Figure 4 ).
2-DE of ovine ovarian
Different optimization conditions were used to establish the 2-DE of ovine ovarian tissue, and the result was repeated in triplicate ( Figure 5 ). The optimal conditions were as follows: the direct schizolysis III protein sample handling method; a loading quantity for the protein sample of 200 µg; a sample volume of 450 µL; the IEF steps of 20°C active hydration, 14 h→500 V, 1 h→1000 V, 1 h→1000-9000 V, 6 h→80,000 VH→500 V 24 h; an SDS-PAGE concentration of 12% and condition of 1 h at 50 V and 9 h at 150 V. 
DISCUSSION
Protein extraction
TCA/acetone precipitation
The TCA/acetone precipitation method is often used to extract proteins from plants and animal liver tissues (Yang and Zhao, 2007) . The extracts have almost no salt or interference (e.g., pigment, lipid, and secondary metabolites), and it can reduce protein degradation (Tsugita and Kamo, 1999) . Urea cooperates with thiourea as a denaturant that can enhance the solubility of hydrophobic proteins. CHAPS can slow protein precipitation polymerization by hydrophobic bonds and improve the solubility of proteins. Bio-Lyte pH 3-10 can dissolve the ionic strength of a protein. The protease inhibitor cocktail can prevent protein degradation. This is the first study to use the TCA/acetone precipitation method to extract ovine ovarian proteins. However, the protein extraction effect is not ideal and protein content can be significantly lower than that of the other 3 methods; in addition, the proteins of the alkaline side experience great losses. The main reason is the repetitive scrubbing that could lead to protein losses, especially with regard to basic proteins. This result is similar to that obtained by Wang et al. (2011) and Lai and Xu (2010) . Therefore, this method is not the optimum extraction method for ovine ovarian proteins. 
Direct schizolysis I
The direct schizolysis I method is commonly used in the protein extraction of animal tissues (Saravanan and Rose, 2004) . Direct schizolysis I increases the level of DTT by 40 mM from that of the basic TCA/acetone precipitation method. DTT is an unusually strong reducing agent, owing to its high conformational propensity to form a 6-membered ring with an internal disulfide bond. DTT can deoxygenize the disulfide bond of polypeptide chains and prevent deactivation via protein sulfhydryl group oxidation. 2-DE showed that the total number of protein spots were significantly greater than that via the TCA/acetone precipitation method but the resolution was low; the smearing phenomena were notable in polymer proteins and the basic proteins had horizontal stripes. Therefore, future optimization is necessary.
Direct schizolysis II
The direct schizolysis II method was similar to that of the direct schizolysis I, except that the 2% CHAPS was replaced by Triton X-100. Triton X-100 is a kind of surfactant that has both hydrophobic and hydrophilic sides. It can dissociate membrane proteins from the membrane. However, Triton X-100 cannot maintain enzymatic activity. Excessive Triton X-100 can destroy the protein structure by destroying the hydrophilic layer of the protein surface and reducing enzymatic activity (Luche et al., 2003) . Thus, only 2% CHAPS was replaced by Triton X-100 in this study. The results show that the vertical smearing and horizontal striations significantly improved. However, protein contents and total protein spots were less than those obtained via direct schizolysis I, especially with regard to alkaline side proteins. The spot resolution of 2-DE was greater than that of the direct schizolysis I method; the reason for this difference may be that Triton X-100 preferentially dissolves insoluble membrane proteins, but the dissolving capacity for most of the other proteins is poorer than that of CHAPS, especially with regard to basic proteins. Therefore, this method also needs to be optimized in the future.
Direct schizolysis III
In comparison to the direct schizolysis I method, the concentration of DTT in the direct schizolysis III method increased from 40 to 80 mM; there was also an additional 40 mM Tris. The increased amount of DTT can compensate for the loss in the alkaline region for IEF and improve the dissolution of the basic protein (Herbert, 1999) . Tris has a high buffering capacity; the addition of 40 mM Tris can provide a suitable environment for a reduction in disulfide bonds, inhibit some protease activity, and increase the solubility of a protein. The number of protein spots obtained using this method was less than that of the direct schizolysis I method; however, it could completely satisfy the requirements of successive tests and obtain a high-resolution 2-DE profile. Thus, the direct schizolysis III method is conformable for ovine ovarian sample preparation.
2-DE of the different loading quantities of the protein sample and the different IEF steps
The loading quantity of the protein sample can greatly influence 2-DE; high or low loading quantities of a protein sample cannot satisfy the needs of the 2-DE analysis (Zhou and Wang, 2013) . The high loading quantity of a protein sample could influence the high-abundance proteins and disguise low-abundance proteins; thus, further analysis would be difficult. Meanwhile, the excess in proteins could subside in the focal slot and block focal aperture. The low loading quantity of a protein sample did not meet the study requirements. In this study, the results were in accordance with Huang and Zhu (2013) ; when the loading quantity of a protein sample was 200 µg, the 2-DE did not exhibit smearing phenomena, and the resolution was better when compared to that of the other quantities.
IEF parameters were directly related to protein separation (Nagalla et al., 2007) . Long time focus and short time focus would cause smearing phenomena of the protein spots and would not yield improvements in 2-DE. In this study, the results were similar to those of Li and Jiang (2012) ; a focus of 80,000 VH yielded high resolution and the absence of smearing phenomena.
CONCLUSION
This study combined the Bradford method, 2-DE, and PDquest8.0 to analyze the results of the different extraction methods of ovine ovarian proteins. The optimal conditions were as follows: the protein extraction method of direct schizolysis III; a protein sample loading quantity of 200 µg; a sample volume of 450 µL; IEF steps of 20°C active hydration, 14 h→500 V, 1 h→1000 V, 1 h→1000-9000 V, 6 h→80000 VH→500 V, 24 h; and an SDS-PAGE concentration of 12% and condition of 1 h at 50 V and 9 h at 150 V.
